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Genetic diversity research on Anisodus tanguticus based on ISSR molecular markers
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Abstract: Objective In order to provide some information for the domestication and protection of wild Anisodus tanguticus,
therefore to analyze the genetic polymorphism and the relationship of A. tanguticus from Gansu and Qinghai province in China.
Methods The amplifying products from 127 DNA based on ISSR makers technique were used to analyze the genetic diversity of 11
populations of wild A. tanguticus. The clustering analysis of the unweighted pair-group method with arithmetic average (UPGMA\) and
making Mantel test on geographic distance were carried out on the basis of genetic distance abtained, then a dendrogram was
constructed. Results Total 131 alleles were amplified by using 10 ISSR primers. The number of alleles in per primer range was 11—
15 with an average of 13.1, and 858 polymorphic loci were got finally. The average percentage of polymorphic loci (PPB) was 59.54%.
The Nei’s gene diversity (H) and Shannon’s information index (I) were 0.220 4 and 0.325 4 respectively. The genetic distances range
was 0.073 3—0.306 2, and Mantel test P = 0.002. Conclusion The genetic polymorphism among 11 populations of A. tanguticus is
relatively abundant and there is a directly relationship between genetic distance and geographical distribution among them. There is a
high polymorphism among A. tanguticus populations between Gansu and Qinghai and the plentiful genetic diversity of species can
provide a reference for the protection and sustainable utilizing of wild A. tanguticus resources.
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Table 1 Sampling points and geographical features of wild A. tanguticus

JE G S TR U FEAEL g 2313 R /m FEA G5
1 RS2 RN 11 37°58.146'N 100°56.029'E 3182 1~11
2 HHA L RS 10 36°52.316'N 99°40.348"E 3212 12~21
3 HNRRERESE S 13 36°57.480'N 102°34.053'E 2 494 22~34
4 HE AL BB E R AR A 11 37°01.488'N 102°24.774'E 2590 35~45
5 HIFER N IR 11 36°54.205'N 100°59.657'E 3188 46~56
6 TR E G315 [HiE 11 36°45.073'N 101°08.738'E 2799 57~67
7 HR R it 24 o B i 12 34°35.473'N 102°28.329'E 3128 68~79
8 Hk s e £4 0 10 34°24.930'N 102°59.794'E 3102 80~89
9 HRAAETTPE Lk 14 34°58.577'N 102°53.971'E 2946 90~103

10 HoR i &6 2 12 33°54.822'N 101°58.647'E 3434 104~115
11 O 7 e AR A 12 36°39.460'N 102°42.789'E 2295 116~127

1.2 IR R AL

EasyPure Plant Genomic DNA Kit (1t {044
MHEARAGWRAFD H TR EFF4121 DNA;
SMA-4000 7366V (5E [ merinton 22 7))
52 VERF ¥ DNA ¥; ISSR-PCR J W (1) ANTP Iy
TR b)) HRAR . Taq . Mg™"
FREAIXT 43 F & 2K Plus 11 DNA Ladder Marker (4>
) MRk, 5192 BN KEHE I Ky
(UBC) $2H11) ISSR 514731, BT AW TR (B
) AR A ARG PCR R VAE T-professional
Standard Gradient 96 #:/% PCR ¢ (f%[¥ Biometra /A
mD T DDY-6C BYHLVKAY (AbRiN—1X3s) D

R TR HLEK > B PCR SN s R AL TR Y
%} (Bioroyee Golden View); UVITEC Cambridge #
G R GEIHAT A G R
2 HiE
2.1 E[F4H DNA i2EX. PCR #1585k
KSR CTAB 54X S ) i $E e
DNA & A A 7, $ER0l B AL K 41 DNA,
H 1% 0B TE B Uk A I DNA i, SR A T
ORI E DNA WS4, BT -20 Cfk
AR e 75 PCRANBOEY WL, E L FlAR I 94.0
‘C. 5min, 81 94.0 ‘C. 30s, Bk 53.5 ‘C. 30,
FEH 72.0 'C. 90's, L35 AMEHA, 72.0 'C. 7 min,
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T e 15.0 °C Pause. SKH 2.0%5 fi bt i
UK BS PCR R4 HOAR Ml 1 X TAE; Aff
FHARAEAR XS 43718 2K plus II DNA Ladder marker {f
R . IR Y Rl (Golden View) BEATH{OTE7R,
HLIK SE U B IR T UV BER UG R KM T
AR A2 o
22 BEZRESEXRRITEIL PCRAR

KHI Lig (4)) IEACRI Wi, %50 ISSR-PCR
MR 25, {055 DNA JKRJE. Taq DNA FE A1,
dNTPs. 54, Mg™ WSS BT 5 N3 4 K FRITHGE
ST, FL 16 ANAREE, REANREE 3 IRER . RIVAKR
HHRARRTA 25 ul, 5 10 X buffer 2.5 uL, A2k
BUH dd HyO FME S 25 pl. 20k 4% s v R 2%
(KT, #EA L E %S ISSR-PCR SV [ f fE 1k
% (25 uL) 24 3.0 mmol/L Mg®", 0.2 mol/L dNTP,
0.4 pmol/L 5%, 0.5 U Taq DNA &M, 40 ng
DNA, 2.5 pL 10 Xbuffer.
2.3 S|¥FiE. ISSR-PCR [ 54 18 =446
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BRGURIOCT UGS, T IRORAE

: M123456789101112131415161718 192021222324

8000bp
5000 bp —ud

3000bp* -1
2000bp —[PHERSR-Rd- R R

$ -
1000 bp .*‘F"!EEEEL‘!IH
750 bp — -
500bp |4

5000 bp
3,000 bp
2000 bp

24 BRGSO

HR A HL vk 45 SR A A7 i A% 1 A0 B A A7 g gk
Tgeih, BT BAE EARE HILE &7 id
“17, Joar BAME T FEI g9 ad o €07, 735 “0, 17
JEAEHIBE . Wi POPGENE 32 #4561l 1 %5
JEBE ISSR &5 BREAT Gt 0012, T4 2 4 0
For% (PPB). WL A7 FE R EL (N AR5
I (N« Nei’s JEKZ#£4M: (H). Shannon
5 R £ (D Fl Nei’s 54410 2 (genetic distance,
D). ML NTSYS #fFX] Nei's it f& i Bt 17
UPGMA ( unweight pair-group method with
arithmetic average) B H!l, ] NTSYS #ff
T SIMQUAL & /5 v 55 i A1 BN R A ) 258 4 A1
LR E, RAFMOIREOER:, A TH SAHN
FEFFI UPGMA AT R KM, &mEd
Tree-plot F2£ /742 il 8 KK AR H5 Arcmap e il 19 %
IR R B EAR R, ROAE T 80 b B R
51545 5 2 34T Mantel £556 .
3 HBRE5NH
3.1 ISSR ¥ H#EZ MR

FHRTGE HA 1) 10 25 5 140065 127 4 1L B AR LgEA T
Pouf, LTI 131 4400, BWHAZEMN, Y
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Fig. 1 Amplification results of total DNA based on ISSR Primer UBC809 from 127 types of wild A. tanguticus
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Table 2 ISSR primers sequences and amplification bands

714 Fr4) HRR IR/ C BAGREIC TR 2AMRWH PPB/%
UBCS808 (AG)C 54.6 53.5 13 13 100
UBC809 (AG)sG 54.6 54.5 13 13 100
UBC811 (GA)C 54.6 535 15 14 93.3
UBCS826 (AC)sC 54.6 53.5 11 11 100
UBCS873 (GACA), 51.5 553 14 14 100
UBC881 (GGG TG); 61.8 60.8 13 13 100
UBCS887 DVD (TC), 52.6 50.4 13 13 100
UBC889 DBD (AC), 53.0 51.0 15 15 100
UBC890 VHV (GT), 53.0 53.9 11 11 100
UBC891 HVH (TG), 52.6 54.6 13 13 100
it — — — 131 130 100
Rk — — — 13.1 13.0 99.2

B 45 B /D 1) 42 UBC 826 11 UBC 890, 4 11 4.
JUT AT 512 A A gk 100%, X 1 45]
¥ UBC811 51492 14 99.3%, KW ISSR HEH 1
IAPRHE] IR 2 2451
3.2 IUEZE ISSR By B AL

11 ASEPRHIR L R % Fa i ISSR 45 R kAT 4t
SrHT (R 3). &R Z &ML S 4% (PPB)
39 48.85%- 65.65%- 72.52%- 55.73%- 67.94%.
58.02%- 70.23%- 46.56%- 63.36%- 48.85%- 57.25%
JadE 3 HNRHLE RESE 2 I 2 86 U H 7 % i
s JERE 8 HR e EL4E I (1) 2 350 1 T 4 R iR
iGe MWEHEEAKE, 11 NEHEE PPB A 59.54%; H

7£0.174 2~0.281 5, P34 0.220 4.1 11 0.256 6~
0.4115, “FIMEH 0.325 4. & JRBEN 1 KNS
PPB IEAHK. EWIMKT L, PPB. MG, 1
IHIA 97.71%. 0.3394. 0.504. ISSR 43 THric (K
B Ak AR 23 BT 2R I B 2 LB T A A B v 1 3
(LEZ R
33 WEE ISSR MR EMSLEEFEEXER
45 POPGENE iz 5459 21 1 45 AT 407, 11
AP A LR R R R R 2 AR (HD R 0.339 8,
FhEEN AL ZRENE (H) 0 0.220 4, FHHEZ
FEMER B T2 0] FER 3 R 3 (G R 0.351 3,
RAEAER RN ISR 00 K 35.13%, TUFEI R 64.87%

#3 NNUREERESHM
Table 3 Genetic diversity of 11 wild A. tanguticu populations

Iy N, Ne

—_

1.488 5+0.501 8

1.3259+0.392 8

2 1.656 5+0.476 7 1.460 91+0.398 1
3 1.725240.448 1 1.5032+0.399 0
4 1.5573+0.498 6 1.3725+0.400 8
5 1.679 4+0.468 5 1.449 5+0.391 5
6 1.5802+0.495 4 1.3519+0.3770
7 1.702 3+0.459 0 1.4254+0.378 0
8 1.465 6+0.500 7 1.307 5+0.389 4
9 1.633 61+0.483 7 1.38071+0.389 0
10 1.488 5+0.501 8 1.33424+0.393 0
11 1.572 5+0.496 6 1.3399+0.377 1
SRR 1.5954 1.386 5

LS

1.977 1£0.150 2

1.590 8+0.330 7

H 1 PPB/%
0.1843+0.2107 0.270 8+0.299 8 48.85
0.258 8+0.2112 0.3775+0.297 7 65.65
0.281 5+0.204 7 0.4115%0.2853 72.52
0.2103+0.212 8 0.308 8+0.301 5 55.73
0.256 41+0.203 2 0.3782+0.286 1 67.94
0.2052+0.201 6 0.306 61+0.287 7 58.02
0.2472+0.197 6 0.368 9+0.2779 70.23
0.1742+0.208 0 0.256 61+0.296 5 46.56
0.218 7+0.206 2 0.325340.290 7 63.36
0.189 6+0.210 4 0.278 24+0.300 7 48.85
0.1982+0.201 0 0.297 0+0.286 4 57.25

0.220 4 0.3254 59.54
0.3394+0.1572 0.504 3+0.201 9 97.71
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(RagE AL o3 A T I B (R R e R A, T e P R o
& 53 A0 B 2 LU R A 2 TR) ) 23 A R o A ) ) 2
R (Nw) 4 0.923 2, 2B 2 [A) 1 56 R+
SEE.

X B A L R AN R s BRI R R v () 42 44
B2, AR5 E Z RV ERRARIEAT Pearson AHOCTEAS

(£ 4), H=ZRH 0.8~1.0 FLptksifisx, 0.6~0.8
SRAHSG, 0.4~0.6 FKRPAEREIAIG, 0.2~04 5941
Ky 0.0~0.2 FRIGAHRETCA G . HHEE 4, Ny
Nev H. IEBEREMEI R S A8 RIS,
r BN 0.098 7~0.265 4, P>0.05, LI fait
FEZREER bR S LA B AR IR T K RAN B

x4 ZHEIERSZ%EMEIRERY Pearson fHX LG

Table 4 Pearson correlation test between genetic index and latitude, longitude, altitude

Z Rk FRAR G E210)°3 K
N, ~0.104 3 (0.760 1) 0.176 6 (0.603 4) ~0.216 1 (0.523 3)
N. ~0.265 4 (0.430 2 0.265 0 (0.431 0) ~0.098 7 (0.772 8)
H ~0.251 1 (0.456 5) 0.249 0 (0.460 3) ~0.114 3 (0.738 0)
I ~0.231 7 (0.493 1) 0.238 3 (0.480 4) ~0.131 5 (0.700 0)
PPB ~0.104 3 (0.760 1) 0.176 6 (0.603 4) ~0.216 1 (0.523 3)

34 ET ISSR 3 FHric IR E R

FIH 10 A~ ISSR 51 14 131 454571, 1R
B 11 NERER Nei’s 3L B SasEAHELR %L
(£ 5. JEREZ LB AR B 0.073 3~
0.306 2, ¥4 0.172 2. 11 G EF 4R L B2 R ARL 2R
BAE 0.736 2~0.929 3, ~FIME K 0.78, i W] FTikEL
(LB 2 PR AE 2 TP 22 i, e 2 b
PERRSS. 1582 SR REUR K, 4 0.929 3,
FHIX 2 AR ISR SO R, SR ARLR 2
e SEIG A RS “0. 17 FEREEGE, i
Mrvh SR AR BB, X 127 ANFEAR 11 A a
HEAT UPGMA ZE2K 001 (B 2), 459K, 7EAIEL
2 0.84 &b, 11 NE#ET N AFIB 2 KK, A
KT 2 AR, TRBEN 1 55T 1IEZ RN
HER 2 55 ilg ] e, 10 2REEN 3 5 Hl KA

=S5

HRASFR#E. 5 SHS MntLssit & 4 595
HEAb BB E KRR A [ R e B 280 3 AN R,
I 2880 6 5 IR L G315 [EIE JZ#EAl 7 5 1
A i B3 AR A, TV 2REER 8 S HN R e B4R
SRR 9 S HIN AT G LK B HE, V IEHEA 10
SHR R M LT 2 A 11 5N K S Bk
BV e o IR AR G SR AT AR A AR R =
el (3D, HArirai R E UPGMA R4 3R
_ﬁo
35 BfEo. BiREESHIEEEAXES T
Y5 GPS kM & E A R a4 4 i,
it ArcMap BTV H A TR B TR Hb PR BS (3R 6) .
Z: I Burns %5 F Mantel A1 PEA 56 53 1 A [F) B
bR PR B (1 [ SR BORI S B S I R A e, A
M RiE 5347 Mantel K15, P=0.002 (K 4), &

EHT ISSR 2 FHRCILES 11 NEREHI Nei’s IZEHEE (ET /) REEHRUER BGLAH)

Table 5 Nei’s genetic distance (left corner) and genetic similar coefficient (right corner) of 11 wild A. fanguticus populations

based on ISSR molecular markers

JEHE 1 2 3 4 5 6 7 8 9 10 11
1 ok 09293 0.8611 08528 0.8321 0.8080 0.7990 0.7507 0.7811 0.7391 0.7924
2 0.0733  ®ixk 08990 0.8644 08339 0.8370 0.8313 07785 0.7930 0.7362 0.7748
3 0.1496 0.1065  *%** 0.8908 0.9032 0.8294 08743 0.7969 08168 08122 0.8247
4 0.1592 0.1457 0.1156  **%=* 0.8937 0.8353 0.8611 0.8302 0.8429 0.8083 0.8510
5 0.1839 0.1816 0.1018 0.1124  *#*x* 0.8863 0.8953 0.8503 0.8548 0.8594 0.8820
6 02132 0.1779 0.1870 0.1800 0.1207 k= 0.9078 0.8574 0.8669 0.8100 0.8160
7 02244 0.1848 0.1343 0.1496 0.1106 0.0967 k= 0.8885 0.8938 0.8428 0.8530
8 02868 02504 02270 0.1861 0.1622 0.1538 0.1182  *¥x*x 08959 0.8622 0.8716
9 02470 02320 02023 0.1710 0.1569 0.1429 0.1122  0.1100  **** 08769 0.8293

10 03023 03062 02080 02128 0.1515 02107 0.1710 0.1483 0.1313 ¥k 0.900 9

11 02327 02551 01927 0.1613 0.1256 02034 0.1590 0.1374 0.1871 0.1043  #%*x
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Fig. 2 UPGMA dendrograms of genetic relationships
among 11 A. tanguticus based on ISSR markers
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Fig. 3
coordinates based on ISSR data obtained from 11 species of

Three-dimensional figure of first three main

wild A. tanguticu populations

*6 WREUANFLEEHEMEES (ETA) REMEESHEANE (HLA)
Table 6 Geographical distance (Km) (left corner) and the natural logarithm of geographical distance t (right corner) among 11

wild A. tanguticus populations

JE Bt 1 2 3 4 5 6 7 8 9 10 11
1 Fkkx 5.107 2 5.209 4 5.1216 47740 49160 5.990 2 6.077 1 5.929 4 6.1306 5.368 8
2 165.206 3 Fkxk 5.5535 5.499 9 47697 4883 8 5.8805 6.006 5 5.8839 5.964 3 5.607 7
3 182.9780 258.1497 Fkkx 2.749 6 49437 4.858 8 55712 5.651 6 5.402 3 5.8348 35772
4 1675999 2446756 15.6363 Fkkx 4844 6 47620 5.598 7 5.684 6 5.444 6 5.8506 3.8868
5 118.396 8 117.8808 140.2953 127.0477 Fkkx 3.0738 5.667 4 5.799 8 5.614 4 5.8392 5.048 8
6 136.462 3 132.1314 128.8661 116.9745 21.6239 Fkkx 5.591 2 57324 5.532 3 57800 4.9448
7 399.4751 357.9982 262.7477 270.0725 289.2738 268.058 1 Fkkx 3.9504 40591 44761 5.4394
8 435.7501 406.0449 284.758 0 294.287 2 330.2369 308.6941 51.9556 Fkkx 41406 46933 55218
9 3759139 359.2150 2219171 2314961 2743531 252.7308 57.9212 62.8428 Fkxk 49779 5.2328
10 459.7165 389.2897 341.9822 347.4283 3435079 323.7650 87.8894 109.2165 145.1689 *kxx 57420
11 2146132 2725152 357721 48.7563 155.8402 140.4481 230.3138 250.0933 187.3175 311.6981 Fkkx
0s0] Y7 083x+003 r AN [R) LB 5 e R ) 35t A% B g 5 b 3 I I 3 b
R=04391 K.
. 0.25] P=0.002 ° o 4 i
gmw e 2 REVE AR S RV ISR, R FEBE A 2
- WP, T I 2 R RS TOKE,
LA R, TR T 3B (AL 2 RS,
0.10- PPB 2 it Wi 1545 K P B AR G — N T B
5 35 b a5 5h 55 &b b, R LR EE S, AFTSGEL
b P /km

4 HIBEEES B A EAIRMEEE R Mantel 1236
Fig. 4 Mantel test between geographical distance and
genetic distance

JiieH 10 & ISSR 5IHpRT B AL REAT 10 AN B
127 A FEAHEAT PCR 47189, 37742 T 131 447 1975,
Wb 130 LR L&, 127 pIFANREEE
PERT AP35 HE Ty 92.46% . ) 1 it 342 4 A s Pl
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HRVGEMDYIFGAE Z R F R FZ—, A
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FEME, B2 UL EAT AR B AL 2 AT, it
W RRAERE 11 AN AR LR R gL 2 AR
AT, B2 RS (PPB. H. D 58
NIRRT LR B A R 2 .
SIRTRRIC AR AR R, NP 2 S A R L
M7 VEME LA s, A R s AR AR R BUE R, XS 11
AN FEREST FhRiC B AT A5 SR AR L R A
0.62~0.95, MK K E HE BRI .
O FACE R, SR B AR RO, PPB. H
AT, BEZAEEACTHER E, Rz
Tob (1388 175 Sl 52 %00,

WHEE IR, YA s, RS2
Wil e . s B AP 26 e b E 1)
i 29 IR AE [ 2 LRSI TR R, R
23 FRE )4 AM LA B A NS T 158 LA,
AR R 17 ANERAAFSAN, b3, H.
W B L RAHATE L 25 AP AL TR R iR R
BRI a0 B E SR T BRI k.
12 F AR BAE AR 7T 5 00 T AR B AR 45 6 R 5
R S AR 2 R B0, AR WA R ) B AR %
WA, AT T RS, IRIEEREDR 2 i o]
S8 H BT AR 00 U DR A 1 ) FH A A >
B WEFEARERA NSRRI, RN
I B AR BRI AR 6 /D (R 2 TR, AR AR S BINR
TSR ZEIR, B AR IR R — s M
HHIABEE A%, WK R &5 P15 R 2 0 Ho AR by
PR RO, SO AL R PR, R 2
J§ A B K, E WA ST
YR AR T I B BRI R S B . e ) B A
2016 FRFEERBN ((CEMZFREMEAL) XT3k
OISR DR URORT 28 1E 28 V- LR L i 7 A B a1 44
HEBGETY 4407, XhREAE R E Yk
Hai LA, ARt RIS AR LN H &
BGAL R IR PG . T P L S5 f AT )
FiORA e B EL 0 — R, KT BHE I R R ol
PR A SR A A5 A g T 4 Y,

SEFHM S BRI 11 AN AR B e
F AR A R A B sk 2 R . Ry
AT 153 53 B 25 SR ) S s TR R 3 P L L B
BEAE SRS FAR AT o0 A, A RPN 2RHEN 3 5
Hl ROV RS e, 5 Sk Ming s e i

Fo 4 5 AL L SRR Bl S, B A T

FHE 6 S HIFERIEE G315 FIEEEEA 7 5 Hkt AR

it ELIRA R, H S M B, SRRl

FR i T b PR, B AR N A, L% 50 SR AH AR BE

5 IR A I AT W R ) K &R, Mantel £330 41,

UEH] T IXAN G518, R A 2 REVE R R A B,

ARG T AR RS T ey,

S AE A R g R A e B AN . R

e b O A SR, DR BRI B 0 o Rt A% 2 e,

(7 P A AN ) 14 DX L B 5 A 0 B YA T I M f A7

W IRRR B CRLFEWIAR . LB B N A FR) 2 s A

URAED) BEASfu TR BE AT I R 37, PR UESE DR R

Ze JaB TR AR TIRITT, WRIIE 2

FERI > FhRCHEOR, B i el iy 3R A5 4 4

PRI Bk T I SSRy SNP 255 [4)/7 41, 4K

LR B AR AL BRSO R AR VI I, 0 e B A R

5 T AR A AL BRI — IR AT .

SE

(11 BKE. W& M) T FigARTAL, 1991,

2] EWfE, Bz PEEYE oiFD M) dest: B
HRRAE, 1978

3] 1 ¥, R4, BEIT, & (EMERHRSIG E A
IFERIAATE R UOE PO A B S SRR ().
R AL BHUE A, 2012, 13(5): 720-725.

[4] ok, A B, FO%E, A5 RS HPLC frali
WIS [J]. Th 254, 2015, 38(5): 957-961.

(5] VFEREE, JEZE, BREER, FilERE LSRR OR
FAIE 9], #AEARARL, 2010, 49(5): 1143-1145.

[6] Boooie, sk, xigs. (i kb Mk
2 0], FEMZFENE, 2007, 15(6): 584-591.

(71 BBz, BEH, K &, . ISSR ARICHARLE S I
WBR I P TSR R AN (9], AR AR, 2017,
33(4): 63-69.

[8] Gupta M, Chyi Y S, Romero-Severson J, et al.
Amplification of DNA markers from evolutionarily
diverse genomes using single primers of simple-sequence
repeats [J]. Theor Appl Gene, 1994, 89(7/8): 998-1006.

[91 £ &, BE&al, R, % 5T ISSR AridiAkiL
JU AL Z B AT (3] P L2, 2017, 48(15):

3168-3174.
[10] McGregor C E, Lambert C A, Greyling M M, et al. A
comparative  assessment of DNA fingerprinting

techniques (RAPD, ISSR, AFLP and SSR) in tetraploid
potato (Solanum tuberosum L.) germplasm [J]. Euphytica,
2000, 113(2): 135-144.

[11] Wolff K, Zietkiewicz E, Hofstra H. Identification of



* 226 ¢

¢ £ 4% Chinese Traditional and Herbal Drugs

F49% F1H 20184E1 A

[12]

[14]

[18]

chrysanthemum cultivars and stability of DNA fingerprint
patterns [J]. Theor Appl Genet, 1995, 91(3): 439-447.

Yeh F C, Yang R C, Boyle T B J, et al. POPGENE, the
user-friendly shareware for population genetic analysis
[J]. Mol Biol Biot Centre, 1997, 10: 295-301.

Rohlf F J. NTSYS-pc:
Multivariate Analysis System System Version 2.1 [M].
New York: Applied Biostatistics, 2000.

Burns E L, Eldridge M D, Houlden B A. Microsatellite
variation and population
Australian Hylid Litoria aurea [J]. Mol Ecol, 2004, 13(7):
1745-1757.

W2EW], WEWIME, B, SR TR T
I [J]. S &2y, 2016, 47(17): 3121-3126.

Gy WA RS 0. B2 R,
1993, 1(1): 20-22.

T, BRI SkERES, 4F. BET RAPD [MAHE <M
TG B L REMERTSL (0] th B2, 2017, 48(14):
2943-2949.

E O &

Numerical Taxonomy and

structure in a declining

5%, . FIH ISSR H AN AR

[21]

[22]

(23]

(24]

ZLHEM BB AL ZAETERI AT (7], TR AR
HAREBFERR, 2006, 45(S1): 91-94.

FARRE, B, B ARSI AL L R A (D).
= M REINESY, 2007, 29(3): 293-299.

Tk, B, B, L VIR X RO AR
REG AL ZAEMER SO 5 [J]. MR FAR, 2011,
35(3): 330-336.

5, BaATe, B, A ARG AL TR E AL
(A BBCER) M ER S [J]. A2 R, 2013,
21(6): 758-764.

WATT, PR, FLOTWIER, AF. TR 2y TR
AR M R 2 TR AR A IR (7] SRR,
2002, 4(2): 60-64.

Wang Y, Meng L H, Yang Y P, et al. Change in floral
orientation in Anisodus luridus (Solanaceae) protects
pollen grains and facilitates development of fertilized
ovules [J]. Ameri J Bot, 2010, 10(97): 1618-1624.
oM, A ORE B 5, S DUIVETEE AL
Lt Z LR RAPD 204 [J]. EF&E4R, 2015,
35(5): 1488-1495.



